Introduction
Patterns of mortality from cancer of the male reproductive tract present some similarities: (1) both prostatic and testicular cancers have the lowest incidence rates among Asian countries and the highest among US or European countries, respectively [1] , and (2) mortality rates of Asian emigrants to the USA are intermediate between the country of origin and US Whites for both cancers [1] . These geographic patterns suggest an etiologic role of environmental factors.
Also of interest are the contrasting rates of these cancers among Whites and African Americans in the USA. African Americans have the highest mortality rates from prostate cancer in the world (ranging between 65 and 102 ! 10 -5 ) [1] . These rates are about 50% higher than those among US Whites. In addition, prostate cancer mortality increased among African Americans between 1950 and 1980 [2] but not among Whites [3] . On the other hand, mortality from testicular cancer is 5-6 times higher among US Whites compared to African Americans [1] [2] [3] , and it decreased between 1950 and 1980 among both Whites and African Americans [2, 3] , although this was likely due to improved survival, as a global increase in testicular cancer incidence has been reported [4, 5] . These two cancers also peak at different ages, with prostate cancer mortality increasing sharply after the age of 65 years [6] , while testicular cancer occurs most frequently at the age of 20-35 years [7] . In addition, while prostate cancer is considered as an androgen-dependent tumor [8] , cryptorchidism and other genital anomalies related to a deficiency in adrogen action or biosynthesis during the fetal development [9] are major risk factors for testicular cancer [7, 10] .
Recently, an ability of the major and most persistent derivative of dichlorodiphenyltrichloroethane (DDT), p,p)-dichlorodiphenyldichloroethylene (p,p)-DDE), to bind the androgen receptor in male rats has been reported [11, 12] , and concern has been expressed that environmental chemicals with hormonal activity may be responsible for a global increase in testicular cancer [4] . However, to the best of our knowledge, no epidemiologic studies have appeared in the literature focussing on this issue. Since binding of p,p)-DDE to androgen receptors could have important effects on prostate and testicular cancer, we thought it would be of interest to evaluate the geographic patterns of mortality of these cancers in relation to environmental exposure to the antiandrogen DDT derivative p,p)-DDE. Associations of occupational exposure to DDT [13, 14] or the body burden of its derivatives [15] with other cancers have been suggested. They are beyond the scope of this paper and will be investigated in the future.
Methods
Data on p,p)-DDE concentration in the subcutaneous fat of population samples of 22 US states [16] and data on the concentration of p,p)-DDE in the tree bark of 18 US states [17] were used to explore the association of prostate cancer and testicular cancer mortality with environmental exposure to p,p)-DDE. Adipose p,p)-DDE was measured in 1968 under the US EPA Human Monitoring Program in 22 US states. Average p,p)-DDE (Ìg/g) and sample size by state and race were available from the US Department of Health, Education and Welfare [16] . Sampling procedure, standard errors, range and gender distribution were not described in this report, and we were unable to retrieve the information elsewhere. We assumed these values to reflect the nationwide variation in global DDT intake in the preceding years, including dietary intake. Based upon the estimated half-life of DDT and its derivatives in the human body [18] and upon considerations of latency between exposure to a carcinogen and diagnosis of tumoral disease, we plotted state-specific adipose p,p)-DDE levels in 1968 against standardized mortality rates from prostate cancer and testicular cancer by quinquennium in [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . Data on tree bark p,p)-DDE were collected by Simonich and Hites [17] worldwide in 1992-1995 and were kindly provided to us upon request. Overall, 24 measurements were available in 18 US states. The methods of collection of tree bark samples were not described with enough detail in Simonich and Hites [17] for us to assess the representativeness of the measurements. When more than one measurement was available in one state, we attributed the median value to that state. Data in nanograms per gram of lipids were log-transformed to approximate a normal distribution more closely. We plotted these data against prostate cancer and testicular cancer mortality in 1986-1994.
Age-adjusted mortality rates from prostate cancer and testicular cancer by quinquennium in 1971-1994, specific by US state, and race were provided by the National Center for Health Statistics in computerized form. The 1970 US population was the standard. Because deaths from testicular cancer among African Americans were too few in several states to provide stable rates, the analysis of this cancer was limited to Whites.
Multiple linear regression analysis was conducted with SAS ® , using the PROC GLM procedure. Information on possible confounders of the association between p,p)-DDE environmental contamination and prostate cancer or testicular cancer mortality was available from public resources [19] . Selected variables of interest were: population density, percent age of state population resident in metropolitan areas, percent increase in resident population between 1980 and 1990, percentage of population aged ^18 years, birth rate, marriage rate, infant mortality rate, abortion rate per 1,000 live births, average per capita income, agricultural production as percent gross state product, electric power production and electric power installed in million kilowatts, number of farms, average farm size in acres and circulating automobiles per 1,000 residents. As a surrogate for human fertility, for each state the pregnancy rate per 1,000 residents (Pr) was calculated as Pr = Br + (Br W Ar/1,000), where Br and Ar are the birth rate per 1,000 residents and the legal abortion rate per 1,000 live births for that year, respectively. Variables showing a significant correlation with prostate cancer mortality and testicular cancer mortality include: pregnancy rate and average annual income for both cancers, marriage rate for prostate cancer and percent state population resident in metropolitan areas for testicular cancer. These covariates were fitted in the multiple linear regression model together with adipose p,p)-DDE or tree bark p,p)-DDE. The State of Nevada was not considered for the multiple linear regression analyses of prostate cancer mortality, since its marriage rate was 6 times greater than the average across the other US states, more likely reflecting a common behavior in the US population instead of a demographic characteristic of the local population. No adipose p,p)-DDE measurements were available in three states for African Americans, and one of these was Nevada. Therefore, the analysis of prostate cancer mortality in relation to adipose p,p)-DDE levels was conducted in 21 states for Whites and in 19 states for African Americans. All 22 states contributed to the analysis of testicular cancer in relation to adipose p,p)-DDE levels among Whites. These analyses were conducted using a weighted regression procedure, with the size of the population sample surveyed by EPA in each state in 1968 as the weight. The analyses of prostate cancer and testicular cancer in relation to tree bark p,p)-DDE were conducted in 17 states (again Nevada was excluded) and 18 states, respectively. The statistical significance of the regression coefficients (ß) was calculated from the ratio of ß and its standard error, which has a t distribution under the null hypothesis. Twotailed tests were used to assess statistical significance. The results of the multivariate analyses are reported in tables 2 and 3 for prostate cancer and in table 4 for testicular cancer. The same regression model was applied to mortality data in 5 consecutive 5-year periods in 1971-1994, using adipose p,p)-DDE levels through 1990 and tree bark p,p)-DDE concentrations from 1986 onwards, as indicators of environmental exposure to DDT. In all regression models for prostate cancer mortality, the regression coefficient for adipose p,p)-DDE was consistently inverse among both race groups, although it approached statistical significance only for African Americans in 1981-1985, who also showed steeper slopes all along the period of study. None of the other covariates showed a similar consistency by race, although significant inverse regression coefficients were observed for marriage rate (Whites and African Americans) and income (African Americans).
Among regression coefficients of p,p)-DDE in the regression model predicting testicular cancer mortality among Whites, all but one were inverse, and none approached statistical significance. Among the other covariates, testicular cancer mortality increased significantly with percent metropolitan population and it decreased significantly with average per capita income in 1986-1990, while results of opposite sign were observed in 1971-1980. 
Discussion
The ability of p,p)-DDE, the major and most persistent DDT derivative, to antagonize androgens by linking to the same receptor has recently been reported [11] . In an experimental study, p,p)-DDE was the most potent inhibitor of [ 3 H]5·-dihydrotestosterone among all xenobiotics tested, causing a 100% dihydrotestosterone inhibition by binding to the androgen receptor prepared from frozen rat prostates [12] . Early animal studies have suggested a causative association between environmental endocrine disruptors and decreased testicular weight and an increased frequency of genital malformations [20] . Therefore, since cryptorchidism, the major risk factor for this 1971-1975 1986-1990 1971-1975 Male Reproductive Cancer and p,p)-DDE Oncology 1998;55:334-339 Cocco/Benichou cancer, is reportedly related to a deficient androgen activity during the fetal development, one of the study hypotheses was a positive association between testicular cancer and exposure to p,p)-DDE [9] . Indeed, hypotheses linking a worldwide increase in testicular cancer incidence to environmental exposure to organochlorines have been made [21, 22] but remain controversial [23] . On the contrary, prostate cancer is an androgen-dependent tumor [8] , and therefore it would be expected to decrease in relation to environmental exposure to p,p)-DDE, if its levels are or have been biologically effective.
Our results do not support the hypothesis of a causal link between environmental exposure to DDT derivatives and mortality from cancer of the male reproductive tract. On the contrary, most regression coefficients of both p,p)-DDE measurements were inverse for prostate cancer mortality in either race group and for testicular cancer among Whites. However, the modest reliability of exposure indicators and the lack of statistically significant findings prevent discussing the hypothesis of an inverse association between environmental exposure to p,p)-DDE and prostate cancer occurrence based solely on the present results. Due to its biological plausibility, testing such a hypothesis with analytic studies is warranted.
Two measures of DDT contamination were used in the present study to explore the association between prostate cancer and testicular cancer mortality with environmental exposure to p,p)-DDE. Adipose p,p)-DDE was measured in 1968 when the pesticide was still in use; we considered nationwide differences as reflecting the geographical variation of global DDT intake in the immediately preceding years, including dietary intake. Tree bark p,p)-DDE concentration in 1992-1995 may be related to past local use of the pesticide and/or to drift of volatile compounds through the atmosphere from warm regions of the world, where the pesticide is still produced and used, to colder latitudes where volatile atmospheric contaminants more easily condense [17] . The weak positive correlation between the two measurements perhaps results from their different meaning, as well as from the long time interval separating them. Measures of DDT alone as well as total DDT, including DDT, DDE and dichlorodiphenyldichloroethane, were also available from the same sources. We used p,p)-DDE because it is the major and most persistent DDT derivative, and it may better resume historic contamination, while total DDT and DDT alone would be more representative of contamination from recent uses of the pesticide [1] . Also, tree bark DDT readings gave null values in two thirds of the measurements (16 out of 24) further pointing to p,p)-DDE as the most suitable indicator of past contamination from DDT.
As DDT deposition is also a function of latitude [17] , we might have adjusted the regression coefficients associated with tree bark p,p)-DDE also by latitude. This strategy would be mostly suitable if a strong association existed between latitude and mortality from prostate cancer and testicular cancer. We are not aware of this association worldwide, although the highest incidence rates of testicular cancer are being reported in northern and western Europe [5] . Also, the geographic pattern of prostate cancer mortality among African Americans in the USA seems more related to farming than latitude [24] .
Ecologic studies are only a first step in the epidemiologic inquiry of human health effects following exposure to environmental contaminants. The advantages of low cost and quick execution are counterbalanced by the potential for bias [25] , resulting from assuming that the whole population of a given geographic area shares the same level of exposure to environmental contaminants, a problem referred to as the 'ecologic fallacy'. Clearly, low social class, low annual income and race are important determinants of geographic variability in environmental exposure [26] . Indeed, based on the EPA Human Monitoring data, African Americans had adipose p,p)-DDE levels 74% higher than Whites on average.
Another weakness of this analysis is that we used mortality rather than incidence rates. This could be misleading in view of the high survival from testicular cancer and, to a lesser extent, from prostate cancer [9] . The positive, although not statistically significant, correlation between 1973-1977 incidence [27] and 1976-1980 mortality rates observed (testicular cancer: r = 0.403, p = 0.25; prostate cancer: r = 0.560, p = 0.09) is of partial reassurance in this respect.
In conclusion, we did not find evidence of a positive association of prostate cancer mortality and testicular cancer mortality with p,p)-DDE environmental contamination. Furthermore, these results suggest that higher incidence and mortality from prostate cancer among African Americans compared to Whites is not explained by their higher level of environmental exposure to DDT derivatives. Weaknesses inherent to the ecologic study design, the limited statistical power of the present analysis and the uncertain reliability of exposure indicators prevent interpreting our findings as more than a mere suggestion of an inverse association of cancer of the male reproductive tract with environmental exposure to p,p)-DDE. However, in view of the biological plausibility of this association for prostate cancer, further research is warranted.
